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ABSTRACT

A coramic slectrolysis cell and s palladium
diffuser are dgeveloped in Japan and 13 tested
with tritium in Tritium Systems Test Assembly
(TSTA) of the Los Alamos Mational Ladboratory, in
order to confires the feasidbility ss poesidble up-
grades for the fuel cleanup system (PCU). The
ceramic electrolysis cell sade of stabilised
tirconia was operetsd st 630°C for an extended
period with a sizture of 3% T0 in Ne carrier
gas in tae circulation systes with oxidiszing
catalyst bed. The palladium diffuser wan
tested with circulated pure tritium gas at

280°C to verify tha compatidility of the

alloy with tritium, gince the e produced

in the metal could cause a degradstion. The
isotopic effects ware also measured for both
devices.

THTRODUCTION

Thia study vae parforsed under a collabora-
tive program between the U.5.Dspartment of Energy
and the Japan Atomic Energy Research Institute
(JAERI) from Jdarch 1984, The coramic electrolysis
cel. and the palladius diffueer ware developed in
JAERI as tritius prucessing couponents foi a
fusion fue) cisculation aystem.

The coramic electrolysis cell made of oxide
#011d slactrolyte decomposes tritiated water in
the vapor phllt’. Thia methuvd eliminates the
problems of other techniques wsuch ae large
tritius inventory in wet cells, radiation damage
¢1 5PE cells? and generation of eolld wvaste in
hot weta) beds’. These features make 1t attractive
for fusion fue) syateme and 8 posdidle replaceaesnt
for the hot metal beds in FCU of TSTA as shown ir.
Pig.1. Electrolysis characteristice of the cell
had already been studied in JAERI with nor-nl“
and heavy vatered and high couversion ratios from
water to hydrogen were obtained in the teLperature
range of %00-900°C.

The palladium diffuser coptinuously separates
hydrogen ieotopes froe all impurities in the
plasme exhaudt. The advantages of this method
are the purity of product and the ability of
separation of helium ash. Figure | shows that {t
can be used in FCU 4n the place of the molecular

steve badeS. Pessibility studies witbout tritium
Asve been perforsed in JAERRI on the effects of
impurities and thermal cycling’,and the separa-
tion characteristice of the diffuser®.

The object of the experisents at TSTA was
to verify the perforsance, reliability and
campatibility of these camponents with tritium.

Coersmic Electrolysis Cell

The emall scale electrolysis cell, made
of an yttria-stabilized zirconia (Y8Z) tube
with platinus electrodce, was sent to TSTA after
the tests with normal water in JARRI. The
structure of the cell is show. in Pig.2. At
TSTA, tests verse conducted in three phases: cold,
low level, and high level tritiated water ax-
perirent. Pigure 3(s) shows the echemstic of the
experisental sstup for the pbsse 1. V¥Watsr vapor
froms the bubbler is carried by an inert gas
stream and is decomposed in the electrolysis
cell. HBumidity at the inlet and the outlst of
the cell is measured with Panametrics hygro-
meters. Power for electrolyeis 1s supplied by
a potentiostat (Hokuto Denko HA-305), which 1e
aleso used for the measurement of current anc
voltage.

The phase ] was tha test with normal water
vapor to confirs the performance obtained in
JABR]. The behavior of the thira electrode,
"reference” located st the downatream wide of
the cell was tested to measure the content of
the product mnd/or to control the cell.

Hydrogen carrier gas vas alaso used.

The phase 2 and 3 were conducted in the
INV glovebox using the apparatus shown in the
Pig.3(b). 1In phase 2, lov-level tritiated water
(40 Ci/ml) was ueed and isotopic effect of
tritium was measured in once-through flow.
Glycol bubblers ana a Pachard liquid Scintilla-
tor were uped to measure the conversion ratio
of tritisted water.

The final tes! (Phase 3) wap carried out
with the circulation ayater with a petal bellows
pump. Pure tritium gas (36Ci) was supplied from
a botile and mixed with He a0 that s mixture
of 3% T,0 1is obtained by oxidation at a
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hopcilite bad. The tritiated watsr is decompo-
ssd st the electrolyeis cell, and genersted O,
snd T, are msized and recombined by bopcalite
again.

Palladi

Ixperiments of th- palladiun diffuser is
conducted in A gas circulation system camposed
of the palladiwum diffuser and s metal bellows
pumBp as shown in the Pig.3(c). The pressures
and flow rates of the gas in the eyctem wvers
Be88ured vith Baratron pressure transducers And
Brooks masss-flovw seters. Pigure A ¢howe the
structure of the cell. A diffuser has 12 palla-
dium alloy tubes. Rach tube 1s 1.60mm and 1.¥mm
in outer and inner disseter, and 100mm long.

Peimeatility of the mesbrane for N, and
D; were messured prior to the test with tritium
in the tempersture range of 300-850°C and the
fesd pressure range of 200-3300 torr. The
prossure at the parmested side of the membrans
vas about one tenth of the feed pressurs,

The hot test was perforsed with 1300C1 T
from a uranium bed. After the measurement of
permeadbility at various teaperature and pressurs,
the eystem was oparated for & long period. The
opsration temperaturs was set at 280°'C

In 3 related study of the material proper-
ties of the pallsdium alloy, small specimens
vere statically immersped in tritium at operating
temperature for various periods up to 2 yoare.
Progressive tests of tensile strength are per-
formed on samples after they were cooled and
subseguently withdrawn from the tritium atmo-
sphere.

RESULTS AND DISCUSSIONS

Ceranic Flectrolyeis Ce¢l)

In phase 1, feed-back control of tue cell
and the use of hydrogen as & carrier, both of
which are advantageous in actual operaiions,
were teaved, a8 well as the tamt of the basic
performance obtained in JALRI. The electrolysis
characteriatics of the cell are studied in pre-
vious vorkn“-s. The conversion ratio z from
water vapor to hydrogen is expressad,

RT ., 1
E-Ir = E. ¢ oF An:_l

4here, F, 1. r are the voltage, current and
resistance of the cell, R is the gaa constant,

T ia the temperature and F is the Faraday con-
stant. Standard vcltasge for water decompodition
E. is also a functior of temperature and its
value at 60C°C is 1.041V. Little overpotentisl
is obrerved in the reaction.

The value E-Ir is the open circuit voltage
that cah be measured at the refereance electrode.
vhere the electro-wotive force (emf) is obtained
corresponding to the content of the product gses
at the cell. Therefoure, the yat.o of hydirojen

and vater concentratiams, i.e. conversion retio
in the cell is coatioucusly and sismltanicusly
sonitored. The cell voltage detween the anede
and the cothode cam D¢ changed autesstically

by a potentiocstat so hat the veltage at the
reference is controlled Lo e a desired value.
Pigure 3 shows & typical characteristics of

the cell obtesined in the phase 1 experiment.

The converaien ratios fros wvater to hynrogen are
plotted against the opsn circuit voltage ssasured
as the reference potemtial. They agreed well
=ith the thenretical valwss chown 28 8 850114 1ine
in the figure. The result 8leo proved that s
feed-back control of the cell io obtain stadble
opan circuit volcage,i.¢. conversion ratio, ia
effective. It 1s sdvantageous in the operation
of the cell in the PCU, whers tritiated water
DTO i supplied rrom tie regensrating fresser
and the vapor concentration in the carrier gess
will not be stable.

In the “sgemsratios of the freeser in PCU,
use of deuterium carrier ie planned because pure
hydrogen isotope sixture can be obtained as &
product fraam the hot metal bed. Pigure 6 1is
the relation between the open circuit voltage
and the converison ratio obtained in the experi-
ment with Hy carrier gaa. The solid line shows
the theoretical value. The result is quite
different from that with ipert carrier. Decom-
position of vater begine at about 1.2V ané the
conversion ratio reaches 99.9f at 1.47V. Thie
result suggeste that the use of hydrogen carrier
49 femaible with a 1ittle higher voltage on the
cell.

In the test of phase 2, low-level tritiated
water was decomposed and the conversion rdtlice
for tritisted water and norsal wvater were
measured as 8 function of the open circuit

voltage. The conversicnr ratio of tritiated
water was estimated fram the residual tritisted
water vapor in the stresa fros the cell, trapped
in a glycol ©bubbler. The isotopic effect of
slectrolyeis reaction appears only in the con-
stant term E. in tne equation noted before.

The differeice betwvgen II?O and HTO was O.04vV

in the eryperimon’ at 600 C.

In the test of phase 3, the slectrolysis

characteristice for T,0 was weusured at first.
The open ciucuit voltage for decomposition of
T,0 wae 0.08V higher thar that for H,0 and 1.36vV
wat neceasary for the ~onversior, ratio fo 99.9%
a9 shown in the Fig.7.

Continuoue operation of the cell for ar
extended period has been performed f{rom Luly,.
1984 . Th2 process)ng rate of ihe tritium air
the syotem i3 20,000 Ci/day for decomposition
und recombination of T2/T.C. The experimental
condition of the test is» summarized in Table 1.

Palladium Diffuser

The basic nermeation characteriatice of the
palladium alloy were studied in JAER] with H,
ana Djp 6 The permeation flow rate through the
cell proved to be expresged by the square-root
law mround the operation pressure of | to luatm.



Pigure 8 sumparizes the relations betwean
the perweation flov rate and the ¢ifference of
the sqQuare-root of pressures at the fird and
the parsesated siéa of the palladiwm Bwabrane.
Linear relationshipe ars eeen in the figure
except for the ¢ata for large flow rates of Hy,
where the deviation sesmed t0o be caused by
preseure 4arop in the tudbing. The lines ¢o not
meet at tbe origin in the figure . It suggests
Ehat the square-root relationsbip is not Dbeld
in the pressure region lower than 200torr.

The bleed rate, the ratio of bleed flow
rate to feed, ware changed frem 0.01 to 0.5 and
proved to affect little on permesbility of the
diffuser. 1In this experiment, bleed rate vas
Kept to about 0.1. Operation pressure and the
pressure ratio of the feed and perwasted ars
limited by the capscity of the metal bellows
Pump .

The temperaturs variation of the perse-
ability of H, D and T tharough the alloy are
shown in the Pig.9. Persestion flow rate change
1ittle 4in the temperature range. 7The rste for
the isotopes is, H:D:T » 1:1/1,8:1/2.3. This
ieotopic effect 1s 3 little larger than the
reportec valued.

The aystas bas been contipuously operated
from Aug. 1984 with pure T of 1300 Ci.
to reduce tritium permeation through the stain-
leas steel outer shell into the glovebox, the
operation temperature was set at 209°C. An seen
in the Pig.10, that is measurad with Hy in JAERI,
the perssability changes at the temperature
lower than 200°C at the pressure around 1 ats.
This result suggest that the palladiums diffuser
can be operatea at as lov as about 200°C without
large reduction of the capscity. The conditions
of the test 1s summarized in Tadble 2. The most
important problem on the compstibility of the
ulloy with tritius is the productien of helium-
3 by disintegration of tritius in the mettl].
The "immersion-tensile test™ will give informa-
tions on thie problem. Il there would bs s
change on the nature of the alloy, the permea-
bility of the diffuser in the circulation system
would chenge i.4 the cource of the test.

CONCLUSION

The new copponents for tritium processing,
the ceramic electrolysis cell and the palladium
diffuser, were tested with tritium at TSTA.
They worked correctly with tritium and isotoupic
effectes were measured with thews,

The continuous operations cf the componentm
from the summer in 1984 will be completed in
108% and their feasibility and reliability will
be discumsed based On the results.

The full sca’e componenta of the cell and
the diffuser, that could pe used as esubestitutes
in FCJ are plsnned.
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TABLE 2 CONDITION OF LONG-TERM OPERATION OF THE ELECTROLYSIS CELL

LOCATION

DATE OF START
INVENTORY
TEMPERATURE
GAS

FLOW RATE

CONVERSION RATIO
FROM Ty to T

PROCESSING RATE

INV BOX IN TSTA
JULY 30, 1984

38 Ci, FORM: T,0 Vapor and Tp, MIXED WITH HELIUM
6300C CONTROLLED WITH VARIAC

MIXTURE OF 15 TORR T /Tgo (3%) AND 485 TORR HE
INSIDE OF CELL; 500 TORR PURE D2 OUTSIDE OF THE CELL

150 STD.CC/MIN TO THE INSIDE OF THE CELL

99.9%

ELECTROLYZED VAPOR - 20,000 Ci/DAY
...1/10 OF FCU IS TSTA



TABLE __  EXPERIMENTAL CONDITION OF LONG-TERM PALLADIUM-DIFFUSER OPERATION

LOCATION : SOLID WASTE DISPOSAL BOX IN STA

DATE | - START . AUGUST 15, 1984

INVENTORY : 1400Ci, FORM: PURE T,, 400 STD. CC

TEMPERATURE . 280°C, ON-OFF CONTROLLED

PRE SSURE . FEED SIDE-1500 TORR, PERMEATED SIDE-15G TORR

FLOW RATE . FEED-210 SCCM, PERMEATION-190 SCCM, BLEED, 2C SCCM
(SCCM = STD.CC/MIN)

PROCESSING RATE  : PERMEATION FLOW RATE-680,000 Ci/DAY

...1/30 OF FCU IN TSTA
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CAPTIONS

The diagram of the Fuel Cleanup System (FCU) of TETA.

The ceramic electrolysis cell and the palladium diffuser
can be used as the replacements of the Hot Metal Beds and
the Molecular Sieve Beds respectively as snown by the
break lines.

The schematic of the caramic electrolysis cell.

Experimental setups for the experiment of,

(a) the phase 1 cf the electrnlysis with normal water,

(b) the phase 2(break line) and 3(solid line) of the
electrolysis with tritiated weter, and

{c) the palladium diffuser.

The schematic of the palladium diffuser.

Relation between the open circuit voltage and the
conversion ratio from water to hydrogen in the ceramic
electrolysis cell at 600°C. The solid lina shows the

theoretical vnalue.

The relation between the open circuit voltage and the
conversion ratio in the electrolysis cell with inert and
hydrogen carrier gas. The lines show the theoretical

values.

The isotopic defference between H0 and T,0 in the

electrolysis at 600°C.

Permeation characteristics of the palladium diffuser for

Hr, Dy ard T3.

Temperature variation of permeation coefficients for H,

D and T in the palladium diffuser.

.Temperature variation of the permeation covefficient of

the palladium diffuser for Hj.
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